Reliable Phanerozoic paleopoles have been selected from the stable parts of the Gondwana continents and, upon appropriate reconstruction, have been combined in an apparent polar wander (APW) path, which can be compared with a previously compiled path for Laurussia. This comparison once again confirms that Pangea-A reconstructions for Late Palaeozoic and early Mesozoic times cannot be reconciled with the available paleomagnetic data, unless these data are corrected for latitudinal errors caused by non-dipole (octupole) field contributions or by inclination shallowing. Because the discrepancies persist even when only paleopoles from igneous rocks are used, inclination shallowing cannot be the sole cause of the problem. There is an apparent decrease in the percentage of octupole field contributions needed as a function of time; for Mesozoic and younger time, Gondwana-Laurussia comparisons require, on average, lower ratios of octupole/dipole fields than for Palaeozoic time. However, the Gondwana paleopoles for the Palaeozoic include a much greater proportion of results derived from sedimentary rocks than do those for the Mesozoic, so that this apparently diminishing octupole field contribution may be an artefact. We have also examined whether the clustering of coeval Gondwana poles improves with optimal G3 contributions, but found that while there are improvements, they are not systematic and not statistically significant. A combined APW path has been constructed for Pangea for times since the Mid-Carboniferous, which accounts for octupole fields, or equivalently, inclination shallowing. We argue that this 'global' path is an improvement over previous constructions as it represents a self-consistent plate tectonic model and does not violate widely accepted Pangea-A reconstructions.
I N T R O D U C T I O N A N D R A T I O N A L E
Palaeomagnetic poles are calculated with the fundamental assumption that the time-averaged geomagnetic field is that of a geocentric axial dipole (GAD), but a number of recent studies have cast doubts on this fundamental assumption (Kent & Smethurst 1998; Van der Voo & Torsvik 2001; Torsvik et al. 2001a; Si & Van der Voo 2001) . These authors argue for long-term non-dipole (octupole) field contributions of the order of 6-25 per cent of the total field in Phanerozoic and Precambrian times. These values imply latitudinal errors as high as 525-1760 km in palaeomagnetic reconstructions (if poles are calculated using the GAD formula). Combined with a typical analytical precision of 300-500 km at best, this raises serious concerns concerning the resolution of palaeomagnetic reconstructions. It is therefore of paramount importance to determine the amount of ancient non-dipole field components, notably because palaeomagnetism is the only method that provides quantifiable plate reconstructions prior to the Mid-Jurassic.
It is comparatively unproblematic to estimate non-dipole field components for the last few million years because the effects of relative plate movements are unimportant. For the last 5 Myr, the time-averaged field deviates from that of a pure GAD, with quadrupole (G2 = g 0 2 /g 0 1 ) and octupole (G3 = g 0 3 /g 0 1 ) field contributions ranging from 3 to 9 per cent , but the statistical significance of some of these estimates at the 95 per cent confidence level is arguable.
Estimating non-dipole field components for ancient times is much more difficult: (1) Kent & Smethurst (1998) evaluated the distribution of Precambrian and Palaeozoic inclinations and found that a persistent octupolar contribution of 25 per cent (G3 = 0.25) best fitted the data. Alternatively, they proposed that a bias of shallow inclinations could reflect a tendency of continents to be cycled into equatorial belts because C 2002 RAS supercontinents (e.g. Rodinia and Pangea) may trigger true polar wander. (2) Van der Voo & Torsvik (2001) devised a new method for estimating non-dipole fields and estimated an average octupole field of 10 per cent (G3 = 0.1) from Carboniferous to Early Tertiary times. (3) Torsvik et al. (2001a) found that systematic discrepancies between the hotspot and palaeomagnetic reference schemes between 40 and 95 Ma could be reconciled with a long-term, octupole field contribution (G3 = 0.08). (4) Si & Van der Voo (2001) compared Tertiary paleolatitudes in central Asia with those predicted from Eurasia, and found that a well-known palaeolatitude discrepancy was eliminated with G3 > 0.06.
There is a misfit between palaeomagnetic results from Laurussia and Gondwana in a classical Pangea-A configuration (Van der Voo 1993), and Van der Voo & Torsvik (2001) demonstrated how this Late Palaeozoic and Early Mesozoic enigma could arise from octupole field contributions. In this paper we present a more complete analysis for the Gondwana continents and its bearing on the Pangea problem. We first start with a comprehensive review of the Gondwanan palaeomagnetic data base, and then compare the results with Laurussia.
D A T A S E L E C T I O N A N D R E C O N S T R U C T I O N F I T S
Gondwana was assembled at around 550 Ma (Meert & Van der Voo 1997) and became embedded in the Pangea Supercontinent during the Carboniferous. Pangea breakup commenced during the Mid-Jurassic with the opening of the Central Atlantic. In this account we have compiled palaeomagnetic poles from Gondwana core elements (Africa, South America, Madagascar, Greater India, Cratonic Australia and East Antarctica), including data not only from its Vendian formation to Mid-Jurassic dispersal, but also post-break-up data through the Cretaceous-Tertiary boundary ( Table 1) .
As a starting point we included poles listed in Van der Voo (1993) with a quality factor Q ≥ 3, but have upgraded the data base with newer poles, and with revised ages according to timescales from Tucker & McKerrow (1995) , Tucker et al. (1998) and Gradstein et al. (1995) . The numerical ages of several poles have been adjusted in view of more recent and precise isotope ages, wherever we encountered such information. Fig. 1 shows the sampling locations of the accepted palaeomagnetic poles on a Permian-aged Gondwana reconstruction with Africa held fixed. The poles can be identified by their ages (Table 1) . We also show an age-frequency distribution diagram in Fig. 2 : Cambrian through Early Ordovician, the Permo-Carboniferous, the Jurassic and the Late Cretaceous epoch are well represented, whilst there are few poles from the Mid-Ordovician through to the Early Carboniferous, for the Triassic, and for Early Cretaceous times.
Gondwana-Pangea fits and subsequent dispersal histories follow Lottes & Rowley (1990) and Müller et al. (1993 Müller et al. ( , 1997 , with some minor modifications. We maintain relatively tight fits for Permian and older times (pre-drift), and in our analysis fits were interpolated down to 1 Ma to allow a direct comparison with the age of the palaeomagnetic poles. Fits are listed in 10 Ma intervals in Table 2 . We initially contemplated refining these fits, if possible, by comparing palaeomagnetic data from periods with good data coverage in a similar fashion to a recent analysis for Laurussia (Torsvik et al. 2001c) , but there are some obstacles attached to undertaking a similar analysis for Gondwana. The Gondwana data sets are generally not as robust as North American-European data sets, but, more importantly, while uncertainties in the fit between North America-Europe are dominantly east-west and therefore orthogonal to the effects of zonal non-dipole fields, uncertainties in palaeomagnetic reconstruction fits for Gondwana elements cannot always be distinguished from zonal non-dipole fields. In simple terms-if we first estimate 'best-fits' using palaeomagnetic poles calculated from the geocentric dipole formulae and later argue for substantial zonal non-dipole fields (as we indeed do in this paper), these fits would deteriorate and not be relevant. Admittedly, we are not entirely satisfied with published Gondwana fits, notably where estimates of pre-drift extension in parts of SE Gondwana and India-Madagascar fits (see Torsvik et al. 2000) are involved, but a possible refinement of the fits is of secondary importance in the following discussion.
Africa
Following Van der Voo (1993) we have divided Africa into three tectonic domains, South Africa, NE Africa and NW Africa. We use reconstruction parameters of Lottes & Rowley (1990) and use transitional fits between 130 and 100 Ma ( Table 2) .
We include 22 poles (547-90 Ma) from South Africa (Figs 1 and 3a) with most poles being of Late Carboniferous to Late Cretaceous age; we list only five reliable poles from latest Vendian to Devonian times (Table 1) . The Early Cretaceous Kaoko lavas (Namibia) are associated with the initial opening of the South Atlantic, and the subsequent separation of Africa from South America at around 130 Ma.
Eleven poles from NE Africa are mostly Late Cretaceous in age (Fig. 3b ). In addition, we include two poles of Carboniferous and Devonian age and the Ordovician-aged Salala Ring Complex pole from Sudan. The latter pole is somewhat problematic-it is one of the few Mid-Ordovician poles from the Gondwana data sets but it is rather different from poles of both older and younger age.
Thirty-one poles, all of earliest Devonian and younger age, have been included in our compilation for NW Africa (Fig. 3c) . The Air Intrusives is the only Early Devonian pole in the entire Gondwana data set and hence is of paramount importance in the apparent polar wander (APW) path that we generate later.
Madagascar
Madagascar was located next to East Africa from latest Precambrian (Gondwana) to Mesozoic (Pangea) times. Mesozoic separation of Africa and Madagascar was preceded by a long period of continental rifting that generated Upper Carboniferous through Mid-Jurassic basins (Karoo Supergroup). Madagascar (together with Seychelles and Greater India) rifted off Africa during the Jurassic, but seafloor spreading terminated in the Early Cretaceous (Coffin & Rabinowitz 1988) , and Madagascar then became part of the African plate again. The Late Cretaceous of Madagascar is characterized by widespread magmatism, related to separation of Madagascar and India-Seychelles (Storey et al. 1995; Torsvik et al. 1998 Torsvik et al. , 2000 . We use 12 poles from Madagascar (Fig. 3d) 
Greater India
The Madagascar-Seychelles-Greater India trio rifted off East Africa during the Mid-Jurassic and, while seafloor spreading in the Mozambique Ocean terminated in the Early Cretaceous, East Antarctica (along with Australia) rifted off Greater India. Greater India-Seychelles rifted off the east coast of Madagascar at around 85 Ma. Greater India separated from the Seychelles at c. 65 Ma (Deccan Traps) and collided with Asia at around 50 Ma. During separation from the Seychelles, Greater India attained velocities of up to 18 cm yr −1 . This is the highest velocity recorded for any continental plate in Mesozoic and Cenozoic times, probably propelled by the Reunion hotspot (thermal buoyancy) and subduction of old and dense Tethyan oceanic lithosphere beneath Asia.
India
Twenty-five poles have been included from India (Fig. 3e) . The selection can be divided into five groups: (1) nine K-T boundary poles (Deccan Traps related), (2) three Late Cretaceous poles, (3) five Early Cretaceous poles from the Rajmahal Traps, (4) five Permian to Early Jurassic sedimentary poles and finally (5) three poles of supposed Early Cambrian or possibly Late Precambrian age (red beds and evaporites). Groups 1-3 are considered to be the most reliable poles.
Pakistan
Data selection from Pakistan includes three Cambrian and two Permian poles. All poles plot near similarly aged poles from India, but suggested structural corrections (Klootwijk 1996) to the Pakistan poles owing to oroclinal bending in the Himalayas make them perhaps less reliable than the Indian poles. Regardless of this, inclusion/exclusion of a oroclinal bending correction for the Pakistan poles produces little change in the APW path analysis below. It is worth pointing out, however, that the age of Cambrian or possible Vendian sediments from India (no fossils-unconformably overlying the c. 750 Ma Malani Igneous Suite; Torsvik et al. 2001b ) was originally deduced from a palaeomagnetic comparison with the better-dated Pakistan sediments (e.g. Athavale et al. 1972 ). If we correct the Pakistan poles as suggested by Klootwijk (1996) , the dispersion of Pakistan-Indian poles increases markedly, perhaps making the original age assignment somewhat tenuous.
South America
We have included 35 poles of Carboniferous and younger age from South America. Most poles are from Argentina and Brazil and we exclude poles from areas suspected of rotations and/or translations. South America rifted off Africa at around 130 Ma, and many poles are derived from rocks that are coincident with breakup.
Cratonic Australia
The Australia collection includes 21 poles, all Vendian through Palaeozoic except one Late Cretaceous pole. Our Palaeozoic selection is quite similar to that of McElhinny et al. (2002) but we only include poles from Cratonic Australia, and exclude all poles within the Tasmian Fold-belt or east of the Tasmian Line. Owing to the lack of good Mid-Ordovician poles from Gondwana, the Tumblagooda Sandstone is critical, but Figure 1 . Geographic study location of palaeomagnetic poles (Table 1) for Gondwana. Africa is held fixed and relative fits are those of Lottes & Rowley (1990) . Numbers are paleopole ages in Ma. 
East Antarctica
Our selection includes 14 poles, mainly Early Ordovician and Jurassic poles in addition to one Middle Cambrian pole. East Antarctica together with Australia rifted off Greater India (and Madagascar-Seychelles) during the Early Cretaceous, whilst significant separation of East Antarctica from Australia did not take place until the Late Cretaceous-Early Tertiary.
A R E F I N E D G O N D W A N A A P W P A T H
Numerous APW paths have been proposed for Gondwana and we show examples (Fig. 4) of three recent APW paths (Smith 1999; Grunow 1999; McElhinny et al. 2002) , along with a South Pole path constructed purely from climatological-sedimentological indices (Scotese & Barrett 1990) . Gondwana fits used to construct the different APW paths differ somewhat but this cannot explain the very different paths. The APW paths shown in Bachtadse & Briden (1990) . Data selection is the prime factor influencing the differences in the APW paths, and Gondwana fits are of secondary importance.
Based on the reconstruction parameters listed in Table 2 (but interpolated to 1 Ma when rotating poles to a common reference scheme) we have produced a new APW path for Gondwana, not only for Vendian (when Gondwana was assembled) to Jurassic times (when core Gondwana/Pangea broke apart), but as young as the Cretaceous-Tertiary boundary using magnetic anomaly fits. Fig. 5 shows two versions of our new Gondwana path; one is a spherical spline path (Fig. 5a ) adopting a moderately high smoothing parameter (=1000 and Q-factor weighting; see the procedure in Torsvik et al. 1996) in order to smooth out some of the complexity in the data set. The Vendian to Early Ordovician part of the path is well constrained but the quality dwindles through the Mid-Palaeozoic, as is true for all previously published APW paths for Gondwana (see the discussion in Van der Voo 1993). The Cambrian section shows some similarities with that of Meert et al. (2001) , whilst the South Polar movement across Gondwana during the Ordovician-Silurian is comparable to that suggested from climatic sensitive lithologies (Scotese & Barrett 1990) . Compared with some previous APW paths, ours is somewhat more complex, but the counterclockwise Siluro-Devonian and clockwise Devono-Carboniferous loops show gross similarities with those of Kent & Van der Voo (1990) and McElhinny et al. (2002) . These loops very much hinge on Devonian poles from Australia and the 409 Ma Air pole from NW Africa.
In Fig. 5(b) we show a path using running mean poles (20 Ma window, 10 Ma interval). This path is grossly similar to the spherical spline path (Fig. 5a ) and we have indicated when the mean poles are relatively well determined (N ≥ 3, α 95 < 20) compared with those estimates with low N or large α 95 .
Based on the spherical spline path (Fig. 5a) we have calculated the latitudinal change, drift rates (minimum, only latitudinal) and rotation for a specific location in Africa (0 • , 030 • E). Drift rates peak at 10-12 cm yr −1 in the Cambrian and Permo-Carboniferous, but typically are below 8 cm yr −1 throughout the Phanerozoic, hence our APW path for Gondwana suggests mean velocities that are comparable with modern plate tectonic velocities. Gondwana rotations are typically below 2 • Ma −1 except during an apparent Mid-Carboniferous high (16
This high value, however, is a pure artefact because our reference location was located at the South Pole at this time. Late Cambrian through to Early Devonian palaeogeographic implications of the revised Gondwana APW path are discussed in Cocks & Torsvik (2002) , whilst the Carboniferous and younger geological history is evaluated below. Table 1 . Q is the quality factor (Van der Voo 1993). Fig. 7 compares running mean poles from Laurussia (North America and Europe; Torsvik et al. 2001c ; mean poles >300 Ma based on data listed in Torsvik et al. 1996) with those from our new Gondwana path, using the reconstruction parameters of Table 5 , whilst Fig. 8 shows the great circle distance (GCD in degrees) between mean poles of the same age as a function of geological time. Mean poles in Fig. 7 (a) were calculated in the normal fashion assuming a GAD field, and to keep our diagram simple we compare mean poles in 20 Ma intervals (also the time window length) from 350 to 70 Ma. Figs 7(b)-(f) show a comparison of mean poles with steadily increasing octupole contributions (5 per cent intervals). Individual poles were recalculated with octupole contributions (Appendix A); we then calculated new running mean paths for Gondwana and Laurussia, and the Gondwana APW path was subsequently rotated into the Laurussia frame (Table 2) in the process. We rotated the Gondwana poles to NW African coordinates (Lottes & Rowley 1990) , then used the rotation parameters of Müller et al. (1997) for fitting NW Africa to North America (175-70 Ma); we have used a c.4
C O M P A R I S O N O F G O N D W A N A A N D L A U R U S S I A
• tighter fit for the Permo-Triassic in order to account for some pre-drift (Mid-Jurassic) extension in the Central Atlantic (Table 5 ). This tighter fit also produces an improved fit between palaeomagnetic poles from Laurussia and Gondwana. Note that all poles in Fig. 7 are plotted as north poles as compared with south poles in Fig. 3 . For poles calculated with a GAD field model we note that the Late Cretaceous and Jurassic APW sections show a reasonable, but not a perfect match (the Gondwana path has somewhat higher pole latitudes), whilst the Triassic and older sections differ substantially. In plate tectonic terms, Fig. 7(a) indicates that with a GAD field model, a Pangea-A type fit is possible for the Jurassic (Fig. 9, 170 Ma GAD), but not for older times. The 350 Ma mean poles differ substantially in all comparisons because the continental amalgamation into Pangea was only at its initial stage at this time. In addition, 150 Ma mean poles always differ. The Gondwana 150 Ma mean pole, however, is based on only three poles and one pole (from Tunisia) differs substantially from the two other poles (Brazil and Nigeria).
From geological evidence, the bulk of Pangea was assembled by the Late Carboniferous, except for terranes and microcontinents in the Palaeo-Tethys realm that did not join Pangea until just prior to its breakup in the Mid-Jurassic. It is evident that Laurussia and Gondwana in our Late Carboniferous-Early Triassic reconstructions with the GAD model (e.g. 310 and 250 Ma in Fig. 9 ) cannot be reconciled with a classic Pangea-A fit (see also Van der Voo 1993; Van der Voo & Torsvik 2001) because Gondwana needs to be positioned in latitudes that are too far north relative to Laurussia. Many workers therefore have invoked different (Pangea-B type) reconstructions and subsequent large dextral transcurrent motions (e.g. Morel & Irving 1981; Muttoni et al. 1996; Torcq et al. 1997) in order to achieve the typical Pangea-A Jurassic fit that is universally considered as the starting point for Pangea breakup (Fig. 9) in the Mid-Jurassic (Van der Voo 1993). Conversely, Van der Voo & Torsvik (2001) suggested that the Pangea problem can be resolved by invoking non-dipole fields (octupoles) and below we explore this in significantly greater detail.
A comparison of Gondwana-Laurussia mean poles with steadily increasing octupole contributions (5 per cent intervals) reveals some remarkable features: (1) with G3 ≈ 0.05 the Cretaceous-Mid-Jurassic segment is clearly improved, (2) G3 ≈ 0.1 provides a best fit for the Fig. 5a ). Plat/Plon = pole latitude/longitude; GAD = geocentric axial dipole; G3 = octupole (see text).
Late Triassic-Mid-Jurassic and (3) G3 ≈ 0.15 leads to an almost perfect match in the Permo-Carboniferous segments (see Figs 7 and 8 ). This suggests that during the considered 310-70 Ma interval the non-dipole octupole field contribution is likely to have decreased with time. However, in detail, the GAD model nevertheless appears to show fluctuating GCD values of around 5
• -15
• . Improvement in the APW fits is seen when values fall below the GAD curve (heavy grey curve) with the lower diagram in Fig. 8 showing optimal values of G3. We notice that a G3 of 0.05 to 0.1 marginally improves the Cretaceous section (0.05 is best), whilst for Triassic and older times, significant G3 values are needed to improve the fits. The 130 Ma mean pole differs from all other mean poles because a GAD model is the best match (indeed a few per cent negative G3 is the best match). Our analysis implies that it is only possible to have a Pangea-A type fit from 310 to 170 Ma ( Fig. 9) if we assume that the APW misfits between Gondwana and Laurussia are caused by G3 contributions.
I N T E R N A L D I S P E R S I O N I N T H E G O N D W A N A D A T A S E T
In the analysis above we use a 'tectonic' argument, namely that Pangea-A is preferable over other Pangea (B, C, D) fits to evaluate G3 contributions (in a similar fashion to Van der Voo & Torsvik 2001) . Unfortunately, we cannot use the same analysis as Van der Voo & Torsvik (2001) with the slope of the line through predicted-observed pairs because Gondwana straddles the pole. This means that an analysis has to be based on the farsidedness of poles, as seen from the sampling site, and as G3 is increased in the analysis, the farsidedness should diminish. However, incorporation of non-dipole fields is testable in other ways, because the precision parameter k should increase or the 95 per cent confidence circle around the mean pole (A95) should decrease as the G3 contribution is optimized. Recall that, for example G3 = 0.1 produces a maximum 'GAD offset' of 832 km at 53
• north or south, whilst at the equator or the geographic poles, zonal octupole fields produce no errors. Torsvik et al. (2001a) listed A95 for a GAD and a G3 = 0.08 model for Laurussia. Inspection of their Table 1 5 Ma intervals) shows that nine of the 19 listed mean poles actually show a minor increase in A95, but over the entire interval the statistical significance of these changes is low. This compilation included only data from North America and Europe with a limited spread in sampling latitudes. Fig. 5(a) . The stippled curve in the top diagram is based on a G3 optimized path (Table 3 ). Table 5 .
Their Early Tertiary mean poles, for example, did not show any changes (see their 55 and 60 Ma entries). Including high-latitude sites in Greenland, however, dramatically reduces A95, illustrating that a wider range of site latitudes is needed to detect the effects of non-dipole fields.
In Fig. 10 we evaluate the change in A95 as a function of increasing G3 (0-0.15). We only show mean values where N ≥ 3, A95 < 20 and sampling latitude spread > 35
• . For more than half of the considered time intervals, A95 is reduced (eight out of 14) with various values (Table 6 ). We used a flat G3 = 0.08 value for the Tertiary (Torsvik et al. 2001a) . of G3, but others become worse. Furthermore, A95 changes are not statistically significant, leading us to conclude that this aspect of our analysis is inconclusive.
A G L O B A L N O N -D I P O L E F I E L D -C O R R E C T E D A P W P A T H ( 0 -3 3 0 M a)
We now combine all Gondwana and Laurussia poles from 330 Ma and younger. We also upgraded the Laurussia data base (Torsvik et al. 2001) with poles younger than 40 Ma (Si & Van der Voo 2001) . We then recalculated all poles with optimal time-dependent G3 contributions (from Fig. 8b ) and the resultant APW is shown in Fig. 11 (a) ( Table 6 ). For Tertiary times we used a flat G3 value of 0.08 (Torsvik et al. 2001c) . The G3-adjusted APW path represents our best estimate of global APW and does not violate Pangea-A reconstructions. The global APW path strictly applies from the formation to the breakup of Pangea, but combined with Jurassic and younger magnetic anomaly fits we can also construct a 'synthetic' global APW path since the demise of the Pangea Supercontinent. The global APW must be regarded with caution because the complexity of the ancient geomagnetic field is not known in detail. In addition, inclination errors in sediments could play an important role (see later). This notwithstanding, the path is considered better than any GAD-based APW paths. We incorporate only octupole fields because the Pangea problem cannot be rectified with long-term quadrupole contributions. We have also recalculated the Gondwana spline APW path with G3 contributions and we used a flat G3 value of 0.2 for times older than 330 Ma (Table 3, Fig. 5a ). The latitude versus time diagram (Fig. 6) , as expected, demonstrates that the G3 path reveals overall higher latitudes than the GAD path. The G3-optimized APW path for Gondwana closely tracks that calculated from a GAD model (Fig. 5a ) but there are notable differences that will produce different paleogeographic positions for Gondwana. Kent & Smethurst (1998) suggested that large G3 values (0.25) in Precambrian-Palaeozoic times (absent in their Mesozoic analysis) were related to growth of the inner core, and that by the Early Mesozoic (250 Ma) the inner core had grown to a critical threshold size that had Prior to the Late Triassic-Early Jurassic (c. 210 Ma), 10 per cent or higher octupole field contributions are needed to rectify the Pangea-A problem, whilst lower values are indicated after this time. However, this apparent decline in non-dipole fields with time could be an illusion caused by a higher ratio of sedimentary poles in the Gondwana Late Palaeozoic-Triassic data set (Fig. 11b) . Inclination error in sediments is a well-known phenomenon (e.g. Rochette & Vandamme 2001 , and references therein); it is latitude dependent and antisymmetric, and the effect therefore closely mimics errors produced by G3 fields of the same sign as the dipole field. The degree of inclination shallowing depends on several factors, e.g. rock type (terrestrial red beds versus deep marine sediments) and remanence acquisition/shallowing mode (detrital (DRM) versus compaction-induced). Inclination shallowing is commonly predicted from tan(inc observed ) = f tan(inc field ), where inc is the inclination and f is the degree of inclination error. As an example, realistic f values of around 0.75 will produce latitudinal errors that are comparable to the effects of G3 ratios of 0.1 (Fig. 11c) . Van der Voo & Torsvik (2001) also found persistent latitudinal errors in the Laurussian data set when magmatic rocks were analysed separately, leading them to conclude that octupole fields had to be held responsible, instead of inclination shallowing. In the Gondwana data base there are few sedimentary poles younger than 200 Myr, whilst the opposite is true for <200 Ma (Fig. 11b) . This is the threshold time where high octupole contributions (often 15-20 per cent) must be invoked to rectify the Pangea-A problem, and it is therefore appropriate to consider the inclination error as an alternative mechanism behind the apparent increase in G3. We first tested this issue by comparing APW paths exclusively based on magmatic poles (Figs 12a-c) and we notice that Jurassic mean poles are reasonable matches, but the Permo-Carboniferous misfits are clearly recognized with a GAD model. As in Fig. 7(b) , a G3 of 0.05 is better for most of the Jurassic, whilst G3 = 0.1 leads to a reasonable overlap in the Permo-Carboniferous sections. Recall that G3 values of 0.15-0.2 were required in earlier analysis (Figs 7e-f and 11b) but the scarcity of magmatic poles from Gondwana (i.e. only six poles between 200-300 Ma) makes this analysis semi-quantitative. In Fig. 12(d) we recalculated all sedimentary poles with an average f value of 0.75; we then combined these 'corrected' sedimentary poles with magmatic poles and subsequently added G3 fields in 0.05 increments (Figs 12e and f) . From this example, it is clear that only G3 >0.1 produces a good fit for the Permo-Carboniferous section, and this leads us to believe that an average G3 of 0.1 is necessary to rectify the Pangea-A problem, even when the inclination error in sediments is incorporated as an additional factor. Thus, given that the error versus latitude for inclination shallowing and G3 fields are similar (Fig. 11c) , the optimized global APW path (Fig. 11a ) is considered as a good proxy that corrects for G3 contributions as well as potential inclination errors. In detail, however, incorporation of inclination errors seriously complicates APW analysis because f-values depend on rock type, sedimentary environment, as well as site latitude.
T I M E -D E P E N D E N T G 3 F I E L D S O R I N C L I N A T I O N E R R O R ?

C O N C L U S I O N S
(1) Based on a comprehensive re-examination of palaeomagnetic data from the Gondwana supercontinent we have constructed a revised APW path from its formation at c. 550 Myr until its demise in the Jurassic and beyond.
(2) When the Gondwana APW path is compared with that of Laurussia it is obvious that a Pangea-A configuration is not possible prior to the Mid-Jurassic (c. 170 Ma) unless we invoke considerable non-dipole (G3) field contributions. Latitude errors produced by inclination shallowing alone cannot be held responsible, although they may magnify the discrepancies.
(3) G3 fluctuates, but there is a decreasing trend with time that intuitively could be related to inner core growth and a stabilization of the geodynamo. However, this could be an illusion and be caused by additional inclination errors owing to the high ratio of sedimentary/magmatic poles prior to the Early Triassic.
(4) We have calculated a combined Laurussia-Gondwana APW path that represents the best available estimate of global APW. This APW path accounts for latitudinal errors produced by G3 fields (or equivalently, by inclination shallowing), and when combined with relative fits, it describes a self-consistent plate tectonic model for the last 330 Myr that complies with Pangea-A reconstructions.
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